Object The fold plication method is a new operative procedure for lung volume reduction surgery whereby the target area is obliterated by plicating the folded tissue using a knifeless stapler, without the use of bovine pericardium. The effectiveness of this newmethodwas evaluated in patients with advanced pulmonary emphysema.
Introduction
Current approaches in lung volume reduction surgery (LVRS)for advanced pulmonary emphysemainclude median sternotomy, thoracotomy and thoracoscopy to carry out a 20 to 30%volume reduction in one or both lungs by means of stapler resection, laser application, or both (1, 2) . One of the main causes of prolonged hospital stay is pleural air leaks from the staple lines (3) . To minimize this, bovine pericardial strips are used to buttress the staple line (4, 5) . However, approximately 50%of patients have air leaks for more than 7 days after surgery (2, 3) . Furthermore, buttressing of the staple lines does not clearly reduce the duration of pleural air leaks after surgery (1) . Because of limited financial resources, the importance of reducing hospital stay and costs in LVRSis nowof increasing concern (2, 6) . Recently, Iwasaki et al (7) developed a new operative approach to LVRS, the fold plication method, whereby the target area is obliterated by plicating the folded tissue using a knifeless stapler. This method could minimize pleural air leaks without the use of bovine pericardium, and could prevent prolonged hospital stay after surgery (7).
This procedure is less invasive than other methods, because the lungs are not resected and the lung plication can be carried out via a thoracoscopic two-windowsapproach (8) . In the present study, we determined respiratory function before and after surgery, comparedthe functional results with those obtained with other procedures, and evaluated the effectiveness of the method in LVRSfor advanced pulmonary emphysema.
Patients and Methods
Twenty consecutive patients who underwent video-assisted thoracoscopic unilateral LVRSvia the two-windowsapproach (7, 8) , were currently available for analysis of the respiratory function data described below. All patients were male with a mean age of 64 years ranging from 47 to 74 years. After obtaining informed consent, the patients were selected according to the inclusion criteria of Cooper et al (5) , and the National Heart, Lung & Blood Institute (NHLBI) (3) . Two patients were receiving long-term oxygen therapy. Patients were required to participate in a four-week outpatient pulmonary rehabilitation program.
Surgical procedures of the fold plication method have been described in detail before (7, 8) . Briefly, a knifeless stapler, END-S-GIA 60-4.8 (United States Surgical Corporation, Norwalk, CT), is used (Fig. 1) . Twostaplers are positioned, one on the right and one on the left, so that there is no gap between the tips of the two staplers (Fig. 1, left) . After the staplers are fired, the peripheral side is folded, so the stapler line nowbecomes the edge of the folded tissue (Fig. 1, right) . The staplers are fired again at the more central side, and the procedure is finished. This procedure is carried out without the use of bovine pericardium and any kind of buttressing. Only one procedure including 4 stapler firings was performed in each patient. This procedure can be applied to all parts of the lungs.
Spirometry (CHESTAC-55V; Chest, Tokyo) was performed in accordance with American Thoracic Society (ATS) recommendations (9) . Predicted values for forced expiratory volume in one second (FEVj) were calculated according to the guidelines of the Japan Society of Chest Diseases (10). Delta N2 was determined using the single breath method (CHESTAC55-V). Carbon monoxide diffusing capacity (DLco) (single breath method), and DLco per unit of alveolar volume (DL/VA) were measured in accordance with ATSrecommendations (CHESTAC-55V) (1 1). Thoracic gas volume was measured in a plethysmograph (Body Plethysmograph BX-9 ; Minato Medical Science Co., Ltd., Tokyo). Static lung compliance (Cst) was measured by plethysmography in the sitting position after positioning a standard intraesophageal balloon inflated with 0.5 ml air in the lower third of the esophagus, using a previ- Figure. 1. Schematic representation of the fold plication method. The target area of the lung (right apex in this case) is obliterated by plicating the folded tissue using a knifeless stapler, without the use of bovine pericardium and any kind of buttressing. One procedure includes 4 stapler firings (7). This procedure can be applied to all parts of the lungs. six-minute walking test (6MWT)was performed, and the magnitude of dyspnea at the end of 6MWT was quantified using the Borg Scale. These studies were performed 2 weeks before and 6 months after surgery in all patients except for Cst which was measured in only 9 patients. Chest X-ray, chest CT, pulmonary ventilation-per fusion scanning, ECGand right heart catheterization were performed. The target area was determined on the basis of radiologic findings.
All results are presented as means ±SE. Comparisons between preoperative and postoperative values were madeusing the Wilcoxon paired-sample test. A P value of less than 0.05 was considered statistically significant.
Results
An improvement in dyspnea was observed in all patients after LVRS.The two patients whowere receiving long-term oxygen therapy, no longer required oxygen. Preoperative and postoperative respiratory function data are shown in Table 1 . Preoperatively, all patients suffered from a remarkable degree of airflow limitation with a mean FEVjof 0.78 /, representing 27.9% of predicted. Postoperatively, FEVj increased significantly to 1.02 /. The mean percentage increase in FEVj was 3 1 %. All spirometric values improved significantly after surgery. TLC, functional residual capacity (FRC) and RV, measured by body plethysmography, decreased markedly by approximately 1.0 /, and RV/TLCdecreased. Delta N2, a measure of uneven distribution of ventilation, also decreased. DLco as well as DL/VAremained unchanged. Cst, Pes max, MIP and MEPimproved significantly. Six-minute walking distance, a measure of exercise tolerance, improved markedly from 338 m to 406 m, and the Borg Scale determined at the end of 6MWT, decreased considerably from 5.9 to 3.5. Arterial blood gas data showed significant decreases in arterial partial pressure of carbon dioxide (Paco2) and increases in arterial partial pressure of oxygen (Pao2). In addition, there was no significant difference between improvementof respiratory function in upper ( 1 2 patients) and lower lobe plication (8 patients) in the present study.
Fold Plication in Lung Volume Reduction Table 1 
Discussion
The results indicate considerable improvements in dyspnea following LVRS. Respiratory function data, including pulmonary mechanics, pulmonary gas exchange, arterial blood gases, respiratory muscle performance, and exercise tolerance, showed significant improvement. The present study involved obliteration of only one target area in each patient, since a newsurgical treatment was being tried. Accordingly, lung function shows smaller improvement than that observed when larger lung volume reduction is achieved through bilateral LVRS (1) (2) (3) 5) . On the other hand, our results comparefavorably with those obtained with unilateral LVRSwith other procedures, as shown, for instance, by the mean percentage increase in FEVj observed here (31%) which is similar to that observed by others with single or multiple lung resections (27 to 35%) (1) (2) (3) (14) (15) (16) (17) . It is interesting to note that although the improvement in FEVj is about half that reported for bilateral LVRS(50-60%) (2, 3), the improvement in the Borg Scale (-41%) and 6MWT(20%) observed here is very similar to that observed in bilateral LVRS (2, 3, 1 8) . Recently, the greater incremental improvement, but more rapid rate of decline, in patients after bilateral LVRS, raised a very important question regarding optimal procedures (19) . The present results support the concept that a possible approach, which would take advantage of the disproportionate improvement in dyspnea and respiratory function following unilateral LVRS, would be a two stage unilateral procedure in which second, contralateral LVRS is performed following deterioration in symptoms (19) . Our fold plication method resulted in no perioperative deaths and no major complications (7) . Nopneumoniawas observed after surgery (7) . Meanduration of chest tube drainage after surgery was 1.7 days (7), which is substantially shorter than that with other methods. This indicates that LVRSby the fold plication method presents minimal incidence of pleural air leaks. Since the method can be performed via a thoracoscopic twowindows approach (8) , LVRSwith this method can be applied to all parts of the lungs through two small incisions. This is less invasive than other methods. The disadvantage of sternotomy is the impaired access to the lower lung lobes, however, our method provides a good approach to all parts of the lungs, especially on the left side. Swanson et al (20) have reported a new technique for LVRS,a no-cut lung plication. In their method, target areas are obliterated by rolling up the surface tissue of the lung, and the procedure is repeated several times to carry out volume reduction. As shown in Fig. 1 , our fold plication method is simpler, and only one procedure including 4 stapler firings is performed. In conclusion, the fold plication method is relatively simple, safe and cost-effective, and would be an alternative methodof LVRSfor advanced pulmonary emphysema.
